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Introduction 50
Wood is the most important global source of renewable energy, providing about 6% of the 51 global total primary energy supply (FAO, 2016 ). During energy production, the pyrolysis or 52 complete incineration of wood biomass results in the formation of biochar and ash respectively.
53
These by-products can be applied to agricultural soils as an organic amendment and/or a liming 
55
However, while wood ash has been used for many decades as a soil improver, legislation still 56 prevents the application of biochar to land in many countries (Van Laer et al., 2015) . This is 57 due to the unintended risks and uncertainties surrounding its potential short-and long-term 
81
In contrast, the beneficial properties of wood ash have largely been linked to its high 82 alkalinity and nutrient load (Ca, Mg, P and K) (Demeyer et al., 2001 ). However, it is likely that 83 some of these properties will be short lived (e.g. nutrient and HCO3
-release), and that over 84 time, the effect of these soil amendments will decrease as a consequence of both the movement
85
of the soil amendments in the soil profile, and the ongoing biogeochemical interactions with 86 the amendments (Quilliam et al., 2013ab) .
87
In terms of LCA, one of the most important factors to be considered is whether biochar or The field trial was established in September 2014 at Abergwyngregyn, Wales
124
(53°14'20"N, 4°00'47"W) on a flat field previously used for grass silage production (Fig. S1 ).
125
No herbicide sprays were used to desiccate the old sward prior to trial establishment. site automated station for the experimental period is presented in Table S1 . and SOM determined by loss-on-ignition at 500°C (16 h), both wt %. Exchangeable K and 
166
Microbial phospholipid fatty acids (PLFAs) tests were carried out to investigate the shift 167 in microbial community structure during the duration of the field trial as described in Bartelt- replicates and the control ran with eight replicates to ensure an accurate baseline. At each grass cut, dry weight was determined after oven drying (80°C, 24 h). Foliar mineral 228 nutrient content (total P, Ca, Na and K) was determined after dry ashing (500°C, 16 h),
229
solubilization of the ash in 1 M HCl and determined as described above. Total tissue C and N 230 content were determined as described above. 
Results

252
Chemical and physical properties of biochar and wood ash 253
The biochar displayed a significantly higher bulk density and lower CEC and specific 254 surface area than the wood ash (P<0.05; Overall, there was no significant treatment effect on the growth performance (dry matter 263 yield and plant height) or the cumulative nutrient uptake (N, P, K, Na and Ca) of the grass in 264 the first year after the application of either biochar or wood ash (P>0.05; data not shown).
265
The temporal dynamics of the measured soil quality parameters after biochar or wood K relative to the control (Fig. 1, Fig. S3 ). Biochar and wood ash addition increased soil pH 277 (P<0.001) for the duration of the field trial, resulting in soils with a pH 0.3 units higher than 278 the control soil (Fig. 1) . The soil amendment effect on soil CO2 flux, soil temperature and relative humidity, 287 measured seven months after treatment application are shown in Table 3 . Treatment had a 288 significant effect on the soil CO2 flux, with the biochar plots resulting in a significantly higher 289 soil CO2 flux than the control treatment, which displayed a significantly higher soil CO2 flux 290 than the wood ash treatment (P<0.001; BC>C>WA; Table 3 ). The wood ash and control
291
treatments had an average soil CO2 flux 10.6 and 5.0% lower than the biochar amended soil,
292
respectively. In all sites, a significant positive correlation was observed between soil CO2 flux 293 and soil temperature (r=0.770).
295
Effect of biochar and wood ash addition on SOM turnover in the laboratory
296
The effect of biochar and wood ash on the mineralization of native 14 C-SOM in 297 laboratory incubations is shown in Figure 3a . Overall, biochar displayed no significant priming 298 effect after 50 d, however, wood ash induced a negative priming response (P<0.0001; Fig. 3a ).
299
The presence of wood ash significantly decreased the mineralization of the 14 C-labeled native 300 soil by 28% over the 50 d incubation period relative to the control. The microbial community 301 was assessed at day 50, which revealed a significantly increased microbial biomass in the 302 biochar mesocosm relative to the control, whereas the wood ash resulted in a decreased 303 microbial biomass relative to the control (Table 4) . Biochar stimulated the growth of putative
304
AM fungi and Gram-positive bacteria, whilst suppressing the growth of Eukaryotes, Fungi,
13
Anaerobes and Actinobacteria relative to the control and wood ash amended soils. The wood 306 ash treated soils revealed a suppressed growth of putative AM fungi relative to the control.
307
The effect of biochar and wood ash on microbial biomass turnover is shown in Figure 3b .
308
Despite an initial rapid rate of 14 CO2 release from the biochar amended soil in the first 10 d,
309
there was no overall effect of biochar or wood ash on the rate of microbial biomass 
Vegetation responses to soil amendments and impacts on C cycling
314
Our results suggest that biochar and wood ash applied prior to sward establishment had 315 no significant influence on plant growth or nutritional quality, compared to the non-amended 316 soil. This implies that neither amendment promoted above-ground C storage or led to greater 317 amounts of C entering the soil from leaf litter. Although we did not quantify rhizodeposition 318 or root/mycorrhizal turnover in situ, we have no evidence from the soil quality measurements 319 to suggest that these were strongly affected by either amendment.
320
The lack of growth response is consistent with previously studies using the same wood- to prohibit such use on commercial farms. The doses used here are therefore more likely to be 332 representative of actual field use.
333
The wood ash results did not display the typical plant growth improvements associated 334 with ash addition to soil (Krejsl and Scanlon, 1996 ; Jones and Quilliam, 2014), however, the 335 dose rates used in this study were considerably lower than many previous studies. Our rates,
336
however, are just below the legal limits for wood ash application to agricultural land and were 337 therefore deemed to be more representative than previous studies. In addition, higher dose rates 
Soil quality responses to biochar and wood ash amendment and implications for C cycling
342
Consistent with previous studies, the incorporation of biochar improved soil moisture months. We therefore conclude that the slightly increased storage of water seen in the biochar 347 treatment was unlikely to greatly affect SOM turnover rates or plant productivity.
348
The addition of liming agents to acidic soils is known to increase pH and improve soil community. All the evidence therefore suggests that the increase in CO2 is due to the 384 progressive breakdown of biochar by microbial processes. This is consistent with Jones et al. significant impact on the partitioning of glucose-derived C within the soil microbial biomass 399 (i.e. substrate C use efficiency), or the turnover of the biomass itself (Fig. 3) . This is consistent 400 with small overall changes in soil microbial community structure determined with PLFAs
401
( biochar had no effect. Nevertheless, the retention of native soil organic C associated with wood 
